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(57) ABSTRACT 
A communication apparatus includes two or more receiving 
units differing in characteristics. The apparatus further 
includes a data detecting unit detecting data to be received, in 
an input signal, and a selecting unit that selects one out of the 
two or more receiving units, depending upon detected result 
and characteristics of receiving units. In case data to be 
received is not contained in the input signal, the selecting unit 
selects a receiving unit whose power consumption during a 
period of time of not receiving the data is smaller than that of 
the other receiving unit(s) during a period of time of not 
receiving the data. In case the data to be received is contained 
in the input signal, the selecting unit selects a receiving unit 
from which a most satisfactory receiving quality is expected 
depending upon propagation environments of the input sig 
nal. 

17 Claims, 14 Drawing Sheets 

RAKE 
RECEIWNG 
UNIT 

DECODING UNIT 6a 

HS-SCCHOECODING UNIT 

HS-PDSCHDECODING UNIT EQUALIZING 
RECEIVING 
UNIT 

  

  

  

  

  

  

  

  

    

  

  



US 8,781,032 B2 

(TOHLNO O XANIT.dn) HOOCHCI-SH (VLVCI) HOSCJd-SH 

Sheet 1 of 14 

(NOILVWHO HNI TOHINOO) HOOS-SH 

Jul. 15, 2014 U.S. Patent 

  



US 8,781,032 B2 

LINn ?NICIO OBCI HOSCd-SH 

SONIZIT\/[nOE 

Sheet 2 of 14 Jul. 15, 2014 U.S. Patent 

SONISSE OORHCH 

  

  

  

  

    

  

  



U.S. Patent Jul. 15, 2014 Sheet 3 of 14 US 8,781,032 B2 

TART HSDPA 
OMMUNICATION 

NITALIZEEACH 
HSDPA PROCESSING 

UNIT 

S1. 

S2 

PRE 
COMMUNICATION/ S3 
PROCESSING 

REGULAR RECEIVING 
SCHEME SELECTION 

CONTROL 

RECEIVING 
PROCESSING: RAKEf 

EQUALIZER 

HS-SCCH 
DECODING 
PROCESSING 

FORCBLY 
SELECTRAKE 
RECEIVING 

UNIT 
HS-POSCH 
DECODING 
PROCESSING 

OUTPUT DECODING 
RESULT 

HSDPA 
COMMUNICATION 

ENDP 

DECSIONAS TO DOMAIN 
HAVING OR NOT HAVING 

PACKETDATA 

DOMAN NOT 
HAVING PACKET 

DATAP 

  

  

    

    

    

  

  

    

  

  

  

  

  

  

    

  

  

  

    

  

  

  

  

  



U.S. Patent Jul. 15, 2014 Sheet 4 of 14 US 8,781,032 B2 

FIG. 4 S21 

INITIALLY SET 
DOMAINAS 

HAVING PACKET 

DOMAN NOT HAVING 
PACKET. UNTIL 

DIRECTLY BEFORE 
TTI? 

S27 

SUCCESS IN HS 
SCCH DECODING AT 

CURRENT TTT 

SUCCESS IN HS-SCCH 
DECODING AT 
CURRENTTT2 

COUNT TTS OF COUNT TTS OF 
CONSECUTIVE FAILURES CONSECUTIVE SUCCESSFUL 
NHS-SCCH DECODING: EVENTS IN HS-SCCH 

N1 = N1 + 1 DECODING: N2 - N2+1 

S25 S29 
N1z TH1? 

(COMPARISON TO 
THRESHOLD VALUE 

N24. TH2? 
(COMPARISON TO 
THRESHOLD VALUE 

DOMAINDECIDED TO 
BEDOMAIN HAVING 

PACKETDATA 

DOMAINDECIDED TO 
BE DOMAIN NOT 

HAVING PACKETDATA 

    

  

    

    

    

  

  

  

  

  

      

  

  







US 8,781,032 B2 Sheet 7 of 14 Jul. 15, 2014 U.S. Patent 



US 8,781,032 B2 U.S. Patent 



US 8,781,032 B2 Sheet 9 of 14 Jul. 15, 2014 U.S. Patent 



Bºnniva < EO ssaoons<!=O 

US 8,781,032 B2 U.S. Patent 



US 8,781,032 B2 Sheet 11 of 14 Jul. 15, 2014 U.S. Patent 

€)NISSE OORHCH 

| 07 

    

    

  

  

  



US 8,781,032 B2 st S 5 

ž LIN[]||NTU 
€)NISSE OORHCHSONI LOETES 

s?GOZ 
3 E U.S. Patent 

ZOZ 

  

  

  

  

  

  



LINT) €) NI LOE LEICT 

US 8,781,032 B2 Sheet 13 of 14 U.S. Patent 

  

    

  

  

  



U.S. Patent Jul. 15, 2014 Sheet 14 of 14 US 8,781,032 B2 

3. 

s 3. cy) 

A 
z & s 

s 

CN 
O 8 
CN CN 

9 
2iz 
OP 
Y 

(D 
Z 
> H. 
Z y 25 

Y s 

s 

  



US 8,781,032 B2 
1. 

COMMUNICATION TERMINAL AND 
METHOD AND PROGRAM FOR 
CONTROLLING THE SAME 

REFERENCE TO RELATED APPLICATION 

The present invention is based upon and claims the benefit 
of the priority of Japanese Patent Application No. 2009 
112642 filed on May 7, 2009, the disclosure of which is 
incorporated herein in its entirety by reference. 

TECHNICAL FIELD 

This invention relates to a communication terminal and, 
more particularly, to a communication terminal that selects 
receiving units which differin characteristics depending upon 
whether or not data to be received exists in an input signal. It 
also relates to a method and a program for controlling the 
communication terminal. 

BACKGROUND 

Currently, the standardization of the W-CDMA (Wideband 
Code Division Multiple Access), as a format of a third gen 
eration mobile communication system, is progressing in the 
3GPP (Third Generation Partnership Project), which is an 
international standard. As one of themes of this standardiza 
tion, an HSDPA (High Speed Downlink Packet Access) 
which provides high speed transmission at scores of Mbps in 
the downlink has been prescribed. The HSDPA uses an adap 
tive modulation and coding system AMC (Adaptive Modula 
tion and Coding). The AMC is featured by adaptive switching 
between the QPSK (Quadrature Phase Shift Keying) system, 
which is 4-valued quadrature phase shift modulation, and the 
QAM (Quadrature Amplitude Modulation), which is a 
16-valued quadrature amplitude modulation, depending upon 
radio environments prevailing between the base and mobile 
stations. 
The HSDPA adopts an H-ARQ (Hybrid Automatic Repeat 

reCuest) system. In the H-ARQ system, if a mobile station 
has detected an error in data received from a base station, data 
is re-sent from the base station on request from the mobile 
station. The mobile station performs error correction and 
decoding using both the received data and the re-sent data. 
Thus, in the H-ARQ, the mobile station effectively utilizes 
the data, already received, even if it is corrupted with errors, 
thus improving the gain of the error correction and decoding 
to Suppress the number of times of data re-send operations 
from increasing. 

If, in the W-CDMA communication system, pursuant to 
3GPP, the HSDPA is used, the AMC scheme is adopted. The 
AMC is such a technique that adaptively changes the code 
rate in error correction or the modulation scheme in response 
to variations in the network quality. In the AMC technique, 
the encoding/modulation scheme which provides for a higher 
rate is used in case of a satisfactory network quality to elevate 
the transmission rate. If the network quality is not satisfac 
tory, the encoding/modulation scheme, providing for a low 
rate, is used to lower the transmission rate to assure reliable 
packet transmission. 

In general, the receiving scheme, adapted to cope with 
HSDPA, is of two configurations. One is the equalization 
(Equalization) scheme which moderates the adverse effect of 
multiple paths, and the other is the RAKE receiving scheme 
which maximizes the ratio between the combined multipath 
signals and the noise without taking account of the interfer 
ence between multiple signal paths. The equalization receiv 
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2 
ing scheme is in need of Voluminous processing operations, 
Such as those by inverse matrix calculations, thus increasing 
the power consumption of the entire apparatus. On the other 
hand, the RAKE receiving scheme is simple to implement 
and low in power consumption. Heretofore, in order for the 
receiving side to get an optimum receiving quality, the above 
two receiving schemes are combined together and Switched 
depending upon prevailing communication environments by 
way of exercising optimization control (in Patent Documents 
1 and 2, for example). 
To improve the throughput of the entire system, Patent 

Document 1 discloses selecting the RAKE receiving scheme 
or the linear equalization receiving scheme based upon the 
signal to interference ratio, referred to below as SIR, Dop 
pler shift or the interference power. Patent Document 2 dis 
closes providing a copy portion (Cyclic Prefix, abbreviated to 
CP) of an information signal in a transmission slot during the 
high-speed transmission, Such as to assure processing for 
effective equalization in a receiving unit. During the low 
speed transmission, data is transmitted without providing the 
CP in the transmission slot. As a result, a satisfactory com 
munication quality may be obtained under a variety of com 
munication environments. These conventional techniques 
Switch between the receiving schemes to improve the com 
munication quality. 

RELATED TECHNICAL PUBLICATIONS 

Patent Documents 

Patent Document 1: JP Patent Kokai Publication No. 
JP-P2004-159284A (page 7, FIG. 1) 

Patent Document 2: JP Patent Kokai Publication No. 
JP-P2005-33430A (pages 8 to 9, FIG. 10) 

SUMMARY 

When a terminal user utilizes packet services, it may occur 
frequently that, even during packet communication (with a 
physical channel necessary for HSDPA communication then 
being OPEN), the period of time during which packet data is 
actually received is shorter, while the period of time during 
which the packet data is not received is longer, depending 
upon sorts of services rendered. On the other hand, in such 
system where the equalization scheme is Switched to the 
RAKE Scheme and vice versa, depending upon the state of 
radio waves, the ratio of the period of time during which the 
equalization scheme is selected is higher, as a matter of fact, 
in actual use environments. During the period of time the 
packet data is not received, the terminal decodes solely the 
HSDPA control channel, and hence even the RAKE receiving 
scheme can provide Sufficient service. Under Such condition, 
if the equalization scheme be selected, depending upon the 
environments of the communication paths, there is raised a 
problem that the power consumption at the terminal is waste 
fully increased. 

With such problem taken into consideration, it is an object 
of the present invention to provide a communication terminal 
in which a receiving unit which is more desirable is selected 
in case data to be received is not contained in the received 
signal. 
To accomplish the above object, a communication device 

of the present invention includes two or more receiving units 
differing from one another in operating characteristics, a data 
selecting unit that decides whether or not data to be received 
is contained in an input signal, and a selecting unit. The 
selecting unit selects one out of the two or more receiving 
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units based upon presence or absence of the data to be 
received and upon characteristics of the receiving units. 

Preferably, the selecting unit selects such a receiving unit 
whose power consumption during a period of time it is not 
receiving data is Smaller than that of the remaining receiving 
unit(s). 

Also preferably, in case one out of the two or more receiv 
ing units has been selected, the remaining receiving unit(s) is 
set in a state of low power consumption. 

In case there is data to be received in the input signal, 
preferably a receiving unit is selected which will yield a most 
satisfactory receiving quality depending upon propagation 
environments of the input signal. 

Preferably, the communication device is a wireless com 
munication device. Also it is preferred that in case the data 
detecting unit failed in decoding a control channel of wireless 
communication consecutively a number of times equal to a 
first preset number, the data detecting unit decides that there 
is no data to be received, whereas in case the data detecting 
unit succeeded in decoding the control channel consecutively 
a number of times equal to a second preset number, the data 
detecting unit decides that there is data to be received. Pref 
erably, the first preset number of times is greater than the 
second preset number of times. 

In the communication terminal, communication control 
method and the communication control program, according 
to the present invention, the presence or absence of data to be 
received, in a received signal, is monitored. Based upon the 
results monitored, one out of two or more receiving units, 
differing in characteristics from one another, is selected. 
Hence, an optimum one of the receiving units can be selected 
to advantage depending upon the presence or absence of data 
to be received. 

If, in the absence of data to be received, the receiving unit, 
whose power consumption during the period of time there is 
no data to be received is small, is selected to carry out the 
receiving processing, and the remaining receiving unit(s) are 
set in a state of low power consumption. Thus it is possible to 
save the power of the entire apparatus (or system) or to pro 
long the battery's useful life. 

If there is data to be received, a receiving scheme is to be 
selected in consideration of propagation environments of the 
input signal Such as to accomplish an optimum receiving 
quality. By So doing, power saving of the entire apparatus may 
be achieved while maintaining a high receiving quality. 

In case the presence or absence of data to be received is 
determined depending upon whether or not the control chan 
nel may be decoded a preset number of times consecutively, it 
is possible to avoid a situation in which the receiving units are 
frequently Switched due to incidental variations. In addition, 
since the presence of data to be received may promptly be 
detected to allow selecting a receiving unit optimum for data 
reception, the receiving quality can be maintained at a high 
level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view for illustrating a physical radio 
channel of HSDPA. 

FIG. 2 is a functional block diagram of a wireless commu 
nication terminal according to an exemplary embodiment 1 of 
the present invention. 

FIG. 3 is a flowchart for illustrating a method for control 
ling the wireless communication terminal according to exem 
plary embodiment 1 of the present invention. 

FIG. 4 is a flowchart for illustrating details of step S7 of 
FIG. 3. 
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4 
FIG. 5 is a conceptual view for illustrating a method for 

deciding the presence or absence of a packet according to 
exemplary embodiment 1 of the present invention. 

FIG. 6 is a conceptual view for illustrating an Example of 
the method according to the present invention. 

FIG. 7 is a conceptual view for illustrating another 
Example of the method according to the present invention. 

FIG. 8 is a conceptual view for illustrating a further 
Example of the method according to the present invention. 

FIG. 9 is a conceptual view for illustrating a further 
Example of the method according to the present invention. 

FIG. 10 is a conceptual view for illustrating yet another 
Example of the method according to the present invention. 

FIG. 11 is a functional block diagram showing a receiving 
device according to an exemplary embodiment 2 of the 
present invention. 

FIG. 12 is a block diagram showing a configuration of a 
modification of the receiving device according to exemplary 
embodiment 2 shown in FIG. 11. 

FIG. 13 is a block diagram showing a configuration of 
another modification of the receiving device according to 
exemplary embodiment 2 shown in FIG. 11. 

FIG. 14 is a functional block diagram showing a receiving 
device according to exemplary embodiment 3 of the present 
invention. 

PREFERRED MODES 

Preferred modes for carrying out the present invention will 
be explained with reference to the accompanying drawings. 
(Exemplary Embodiment 1) 

FIG. 1 is a diagram for illustrating an outline of an HSDPA 
communication system of an exemplary embodiment 1. In 
FIG. 1, there are shown three principal physical radio chan 
nels used in HSDPA. These are an HS-SCCH (High Speed 
Shared Control Channel), an HS-PDSCH (High Speed 
Physical Downlink Shared Channel) and an HS-DPCCH 
(High Speed-Dedicated Physical Control Channel). Both the 
HS-SCCH and the HS-PDSCHare common channels (shared 
channels) in the downlink direction (the downlink from a base 
station to a mobile station). The HS-SCCH is a control chan 
nel that transmits a variety of parameters concerning data 
transmitted over HS-PDSCH. 
The HS-DPCCH is an individual control channel (dedi 

cated control channel) in the uplink direction (the direction 
from the mobile station to the base station). The HS-DPCCH 
is used for the mobile station to transmit an ACK signal or a 
NACK signal to the base station depending upon the presence 
or absence of an error in the data received over HS-PDSCH. 
That is, the HS-DPCCH is a channel over which the result of 
receipt of data sent over the HS-PDSCH is to be transmitted. 
The processing time unit for the physical channel in the 

HSDPA is TTI (Transmission Time Interval), with 1 TTI 
being 2 ms (millisecond). The decoding performance of the 
HS-PDSCH is appreciably influenced by the particular 
receiving scheme (system) used. In case the mobile station is 
moving at a low speed, an equalizing unit is used, whereby the 
multipath effects may be reduced. If conversely the mobile 
station is moving at an elevated speed, or if the interference 
power from the other cell(s) is large, a RAKE receiving 
scheme may yield receiving characteristics better than those 
obtained with the equalizing unit. These receiving schemes 
are well-known in the art and hence the corresponding expla 
nation is dispensed with. 

FIG. 2 depicts a functional block diagram of a wireless 
communication terminal (mobile station) according to the 
present invention. As shown therein, the wireless communi 
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cation terminal of the present invention includes a pre-pro 
cessing unit 1, a selection controlling unit 2, a selecting unit 3. 
a RAKE receiving unit 4, an equalizing receiving unit 5, a 
decoding unit 6 and a packet detecting unit 7. These compo 
nents are implemented on a wireless communication terminal 
(mobile station) as hardware, software or firmware, which 
may be used either alone or in combination. Those skilled in 
the art may put them together in consideration of miniatur 
ization or maintenance performance of the wireless commu 
nication terminal. 

Note that the wireless communication terminal has many 
other functions necessary for a mobile phone. However, those 
functions that are not relevant to the present invention are not 
elucidated in the present description. The description on 
decoding or encoding the physical channel, as needed for 
HSDPA communication, is also dispensed with. 
The pre-processing unit 1 receives the HSDPA signal to 

perform processing including channel estimation or the like. 
The selection controlling unit 2 selects the RAKE scheme or 
the equalizing scheme, as a receiving scheme used in packet 
reception, based upon an output of the pre-processing unit 1. 
During a packet is being received, and the wireless commu 
nication terminal is moving at a lower speed, the selection 
controlling unit 2 selects the equalizing receiving scheme to 
reduce the multipath effect. During a packet is being received, 
and the mobile communication terminal is moving at an 
elevated speed, or an interference power applied from other 
cell(s) is large, the selection controlling unit 2 selects the 
RAKE receiving scheme to provide for a maximum commu 
nication quality. 
The selecting unit 3 switches between the RAKE receiving 

unit 4 and the equalizing receiving unit 5under control by the 
selection controlling unit 2 or by the packet detecting unit 7. 
If a control signal is output from the packet detecting unit 7. 
the selecting unit 3 prioritizes the selection which is based 
upon the control signal. If no control signal is output, the 
selecting unit obeys control from the selection controlling 
unit 2. 

The RAKE receiving unit 4 processes received data in 
accordance with the RAKE receiving scheme. The equalizing 
receiving unit 5 processes received data in accordance with 
the equalization scheme. The equalization scheme is in need 
of Voluminous processing, such as inverse matrix calcula 
tions, and hence the device consumes much power. On the 
other hand, the RAKE scheme is simple to implement and 
consumes less power. It is by these receiving units 4, 5that the 
physical channel signals are de-spread. 
The decoding unit 6 includes an HS-SCCH decoding unit 

6a and an HS-PDSCH decoding unit 6b. The HS-SCCH 
decoding unit 6a receives an HS-SCCH input (I and Q com 
ponents that are in quadrature to each other) to decode the 
HS-SCCH signal. The HS-PDSCH decoding unit 6b decodes 
the HS-PDSCH signal to output the decoded signal to com 
ponent parts, not shown, which are in need of the signal. 
An output of the decoding unit 6 is delivered to the packet 

detecting unit 7. The packet detecting unit 7 decides the 
presence or absence of packet data in a received signal by a 
sequence of operations as later explained. In case a given time 
interval is determined to be devoid of packet data, the receiv 
ing scheme is forcibly set at the RAKE scheme. 

Referring to FIGS. 3 to 10, the method of controlling the 
wireless communication terminal of the present invention 
will now be explained. FIG. 3 depicts a flowchart for illus 
trating the wireless communication terminal shown in FIG.2. 
For example, if by a user's operation, the wireless commu 
nication terminal has entered from a sleep state or other 
operation modes to an HSDPA high-speed packet communi 
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6 
cation state (step S1:Y), then each HSDPA processing unit is 
initialized (step S2). A received signal is delivered to the 
pre-processing unit 1 where it is subjected to pre-processing, 
Such as processing of channel estimation (step S3). Here, a 
signal receiving scheme, which will yield an optimum com 
munication quality for the selection controlling unit 2, herein 
the RAKE scheme or the equalization scheme, is selected 
depending upon an estimated condition of the communica 
tion path (step S4). Note that the RAKE scheme or the equal 
ization scheme is configured to be selected by programming 
depending upon pre-defined conditions. For example, the 
RAKE scheme is selected during the high speed movement or 
in case of marked interference power from a neighbor cell(s), 
and the equalization scheme is selected otherwise. The pro 
cessing of signal reception then is executed in accordance 
with the reception system selected (step S5). The so received 
signal is then delivered to the decoding unit 6. 

In the decoding unit 6, initially the HS-SCCH is decoded 
by the HS-SCCH decoding unit 6a (step S6). Depending upon 
the results, the packet detecting unit 7 decides whether or not 
there is packet data (step S7). This processing for decision 
will be explained in detail hereinbelow. If it is determined that 
the time period is not that when there exists packet data (step 
S8: Y), the packet detecting unit 7 forcibly designates the 
RAKE receiving scheme (step S9). This causes the selecting 
unit 3 to change over to the RAKE receiving scheme to 
achieve power saving in comparison with the case of recep 
tion in accordance with the equalization scheme. Note that, if 
there is no packet data, only the HS-SCCH is decoded. This 
may readily be coped with by the RAKE receiving scheme. 

If conversely it is decided that time period is such a one 
when there exists packet data, regular control for selecting the 
receiving scheme at the time of packet reception is exercised 
(processing transfers to step S4). This selects a receiving 
scheme (RAKE Scheme or an equalization scheme) which 
will yield a most optimum throughput depending upon com 
munication environments. 

If the HS-SCCH decoding has met with success, the HS 
PDSCH decoding unit 6a performs HS-PDSCH decoding 
(step S10) so that a decoded signal is output (step S11). The 
wireless communication terminal repeats the processing as 
from step S3 until the HSDPA communication comes to a 
close (step S12: N). 

FIG. 4 shows, in depth, the flow of the processing of deci 
sion as to presence or absence of packet data in step S7. It is 
assumed that there exist packet data at a boot time of the 
wireless communication terminal or on startup of communi 
cation. Processing is started under this assumption (step S21). 
If it is determined that there exist packet data until TTI which 
is the time before startup of processing (Y of step S22), the 
result of decoding of HS-SCCH at the current TTI is checked 
(step S23). If the HS-SCCH decoding at the current TTI has 
met with success (Y of step S23), the current TTI is also 
concluded to be a time period in which there exist packet data. 
Processing then transfers to step S26. 

If the HS-SCCH decoding at the current TTI has failed (N 
of step S23), the number of times of failed HS-SCCH decod 
ing (cumulative number of times N1 of failed decoding) is 
counted up (step S24). The count value N1 is then compared 
to a preset threshold value TH1, for instance, 30 (step S25). In 
case N1 is smaller thana threshold value TH1, it is concluded 
that the time period is such a one when there exist packet data 
(S26). If conversely N1 has exceeded the threshold value 
TH1, a counter, not shown, is reset (step S32). The time 
period following the next TTI is determined to be a time 
period in which there is no packet data (step S30). 
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If it is determined in step S22 that there exist no packet data 
until the directly before TTI (N of step S22), the result of the 
HS-SCCH decoding at the current TTI is checked (step S27). 
If the HS-SCCH decoding at the current TTI has not met with 
Success, it is concluded that no packet data exists at the 
current TTI as well. Processing then transfers to step S30. In 
case the HS-SCCH decoding at the current TTI has met with 
success, the number of successful HS-SCCH decoding events 
(cumulative number of successful decoding events) N2 is 
counted up (step S28). The counted number N2 is compared 
to a preset threshold value TH2, for instance 3. If N2 is 
smaller than the threshold value TH2, it is concluded that the 
current TTI is again Such a time period in which there exist no 
packet data (step S30). In case N2 has exceeded the threshold 
value TH2, the counter is reset (step S31). It is then concluded 
that, as from the next TTI on, there exist packet data (step 
S26). After the decisions of steps S26 and S30, processing 
transfers to step S8 of FIG. 3. 

The processing of decision on the possible presence or 
absence of the packet data in the present exemplary embodi 
ment is shown conceptually in FIGS. 5-10. In the present 
exemplary embodiment, TH1=30 and TH2=3 are set. In the 
case of FIG. 5, there sustains a number of contiguous time 
periods devoid of packet data. In the next following two TTIs, 
HS-SCCH decoding succeeds. However, in subsequent TTIs, 
decoding again fails. In this case, the number of cumulative 
successful decoding events N2=2 is less than the threshold 
value TH2=3. Hence, the time period of these two successful 
decoding events is concluded to be a continuation of the time 
period in which there exist no packet data. 

In the case of FIG. 6, there sustains a time period in which 
there exists no packet data. This time period is followed by a 
succession of not less than four HS-SCCH successful decod 
ing events. In this case, as long as the number of times of three 
contiguous successful decoding events is less than the thresh 
old value TH2=3, no packet data are decided to exist. How 
ever, after the successful HS-SCCH decoding events through 
out the three consecutive TTIs, it is concluded that the time 
period in which there exist packet data has commenced. 

In the case of FIG. 7, a number of HS-SCCH decoding 
events failed consecutively. Hence, the time period is con 
cluded to be such a time period in which there exist no packet 
data consecutively. 

In the case of FIG. 8, there is a continuous time period with 
packet data. This time period is followed by four consecutive 
TTIs in which the HS-SCCH decoding fails and then by 
consecutive time periods with successful HS-SCCH decod 
ing. In this case, the cumulative number of times of failed 
decoding N1=4 is smaller than the threshold value TH1=30. 
Hence, the period of failed decoding is decided to be a con 
tinuation of the period in which there exist packet data. 

In the case of FIG. 9, there sustains a period with packet 
data followed by a period of contiguous HS-SCCH failure 
events. In this case, the period with the number of consecutive 
events of decoding failures N1, less than 30, is concluded to 
be a period in which there exist packet data. The time when Ni 
has exceeded 30 is decided to be the beginning of a time 
period when there exist no packet data. 

In the case of FIG. 10, a number of HS-SCCH decoding 
events meet with Success consecutively and hence the time 
period is concluded to be a continuation of a time period in 
which there exist packet data. 

Thus, control is exercised in Such a manner that, when the 
same result of decision has sustained a number of times not 
less than a preset threshold value, the result of decision is 
switched between the presence and absence of the packet 
data. This eliminates incidental fluctuations caused by some 
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8 
reason or other, Such as one-shot Switching from failure to 
success in HS-SCCH decoding or vice versa. It is thus pos 
sible to accurately detect the timing at which the presence of 
packet data has truly switched to the absence of the packet 
data and vice versa on the transmitting side. 

Note that, if the threshold value for the case where it is 
determined that there is no packet data is set at a higher value, 
it is possible to avoid Such a situation in which packet data, 
which really do exist, are neglected on the receiving unit side, 
thereby preventing deterioration in the communication qual 
ity. If, on the other hand, the threshold value for the case of 
deciding that there exist packet data is set at a lower value, the 
timing at which packet data transmission has actually started 
may be detected at an earlier time. As a result, proper selective 
control of the normal receiving scheme may be exercised to 
allow maintaining a high receiving performance. 

In this manner, the period in which packet data is not being 
received may be detected, and the receiving scheme during 
Such period may forcibly be switched to a receiving scheme 
side having less power consumption, Such as to decrease 
wasteful power consumption on the receiving side. In addi 
tion, transition from a period in which there is no packet data 
to a period in which there exist packet data may promptly be 
detected to render it possible to prevent deterioration of the 
receiving performance to maintain the high receiving perfor 
mance at all times. 

Although the exemplary embodiment 1 of the present 
invention has so far been explained in detail, the present 
invention may accommodate a wide variety of changes or 
modifications without being restricted to the above exem 
plary embodiment. The present invention may be applied to 
technical fields other than that described above without 
departing from the fundamental characteristics of the inven 
tion. It is to be understood that the exemplary embodiment 
disclosed herein is not for restriction and only for the sake of 
illustration in all of its aspects and that the total of the changes 
or modifications emanating from the scope equivalent to that 
of the claim is comprised within the scope of the present 
invention. 

For example, in the above exemplary embodiment, the 
presence or absence of packet data in HSDPA packet com 
munication is verified based on the result of HS-SCCH 
decoding. The presence or absence of packet data may simi 
larly be verified in a communication system other than the 
HSDPA. That is, in casea wireless communication terminal is 
to switch between the RAKE receiving scheme and the adap 
tive equalizing receiving scheme in response to prevailing 
propagation environments, it is only sufficient that the pres 
ence or absence of packet data is verified based upon the 
decoding information of the physical control channel to effect 
the Switching. This suppresses wasteful power consumption. 

In the above exemplary embodiment, the receiving 
schemes used are presupposed to be the RAKE receiving 
scheme and the equalizing receiving scheme. It is however 
not intended to exclude applying the present invention to 
analogous or novel receiving schemes that may be prescribed 
or developed in time to come. In particular, there may be three 
or more receiving schemes, one of which may be selected 
depending upon the propagation environments or upon the 
presence or absence of packets. Additionally, the threshold 
values are set in the above Example so that TH1=30 and 
TH2=3. However, these threshold values may properly be set 
depending upon actual communication statuses, such as SIR, 
or upon operating environments, such as receiving accuracy 
at the wireless communication terminals. In a preferred 
Example, TH1 and TH2 may be set in a range from 1 to 10 and 
in a range from 10 to 50, respectively. 
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(Exemplary Embodiment 2) 
A receiving device of an exemplary embodiment 2 of the 

present invention will now be described. FIG. 11 is a block 
diagram showing an arrangement of the receiving device of 
the exemplary embodiment 2 of the present invention. A 
receiving device 100 of the present exemplary embodiment 
includes a first receiving unit 101, a second receiving unit 
102, a data detecting unit 103, a receiving unit selecting unit 
104 and a processing unit 105. 
The first receiving unit 101 receives an input signal 201 and 

performs preset receiving processing thereon to output a 
receiving signal 202. The second receiving unit 102 inputs the 
input signal 201 and performs preset receiving processing 
thereon to output another receiving signal 203. The receiving 
processing herein means preset processings needed for 
receiving the input signal 201 and outputting the receiving 
signal 202 or 203, such as amplification, detection or 
demodulation. 
The first receiving unit 101 and the second receiving unit 

102 are of characteristics differing from each other in con 
nection with the receiving operation. For example, the first 
receiving unit 101 and the second receiving unit 102 are of 
circuit configurations differing from each other, or otherwise 
use receiving schemes differing from each other, and are 
constructed using different hardware. Hence, the first receiv 
ing unit 101 and the second receiving unit 102 differ from 
each other as to characteristics during signal reception, for 
example, as to power consumption, amount of heat evolution 
or reception sensitivity. 

Therefore, if there exist no data for reception in the input 
signal 201, the receiving operation by one out of the first 
receiving unit 101 and the second receiving unit 102 is more 
desirable than that by the other in consideration of their dif 
fering characteristics. It is assumed in the present exemplary 
embodiment that, in case there is no data to be received in the 
input signal 201, the receiving operation by the first receiving 
unit 101 is more desirable. 

The period in which there is no data to be received in the 
input signal 201 may, for example, be avoid interval between 
the input signal 201 currently received and the input signal 
201 to be received next. The period in which there is no data 
to be received in the input signal 201 may also be an interval 
before detection of the data to be received in the input signal 
201, viz. a period of a so-called queuing. 
The processing unit 105 performs preset processing on a 

further receiving signal 204 to output a processed further 
receiving signal 205. The preset processing herein may also 
encompass detecting a frame in a further receiving signal 204 
and analyzing the frame configuration to extract the receiving 
data. The preset processing herein may further encompass a 
processing of decoding frame data in case the frame data is 
encoded or encrypted data. 
The data detecting unit 103 detects whether or not data to 

be received is contained in the processed further receiving 
signal 205. If the data detecting unit has detected data to be 
received in the processed further receiving signal 205, it out 
puts a data detection signal 206. To detect whether or not the 
data to be received is contained in the processed further 
receiving signal 205, such a method may be used that detects 
whether or not a preset bit sequence is contained in the 
received signal. As typical of the bit sequence are a preamble 
and the address information indicating that the destination of 
transmission of the packet is the receiving device 100. 

The receiving unit selecting unit 104 selects the receiving 
signals 202 or 203, based upon the data detection signal 206, 
to output the so selected receiving signal as the further receiv 
ing signal 204. Viz., if the data detection signal 206 is output, 
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10 
the receiving unit selecting unit 104 selects the receiving 
signal 203. If the data detection signal 206 is not output, the 
receiving unit selecting unit 104 selects the receiving signal 
202. 

In an initial state directly following the booting of the 
receiving device 100, it is sufficient for the selecting unit 104 
to select one out of the receiving signal 202 or 203 without 
dependency upon the data detection signal 206. By so doing, 
the further receiving signal 204 may be delivered to the pro 
cessing unit 105. The processing unit may then detect the data 
to be received in the further receiving signal 204. 

If, as in a receiving device 110 of FIG. 12, the data detec 
tion signal 206 is output, the operation of the second receiving 
unit 102 may be permitted while that of the first receiving unit 
101 may be inhibited. If conversely the data detection signal 
206 is not output, the operation of the first receiving unit 101 
may be permitted while that of the second receiving unit 102 
may be inhibited. Preferably, the power consumption as well 
as the amount of heat evolution of the first receiving unit 101 
or the second receiving unit 102 during operation is inhibited 
is less than the power consumption as well as the amount of 
heat evolution at the time of operation permission. 

Alternatively, a second selecting unit 106 may be provided, 
as in a receiving device 120 of FIG. 13. The second selecting 
unit 106 delivers an input signal 201 to the second receiving 
unit 102 if the data detection signal 206 is output. If the data 
detection signal 206 is not output, the second selecting unit 
delivers the input signal 201 to the first receiving unit 101. 
The power consumption as well as the amount of heat evolved 
in the first receiving unit 101 and the second receiving unit 
102 in case the input signal 201 is not delivered thereto is 
preferably smaller than the power consumption as well as the 
amount of heat evolved in case the input signal 201 is deliv 
ered thereto. Additionally, the operation of the first or second 
receiving unit, not selected, may be inhibited using the data 
detection signal 206, as in the receiving device 110 of FIG. 
12. 

Although two receiving units are provided in the present 
exemplary embodiment, three or more receiving units may 
also be provided. It is then sufficient that the receiving unit, 
the characteristics of which for the case where there is no data 
to be received in the input signal 201 are most desirable, is 
selected in case no data is detected. 

Also, in the receiving device 100, the first receiving unit or 
the second receiving unit is selected, depending upon the 
presence or absence of data to be received in the input signal, 
in order to perform the receiving processing. Hence, no limi 
tations are imposed on the configuration of the input signal 
201. The input signal 201 may thus be a wireless signal or a 
wired signal, whichever is desired. 
The receiving device of the exemplary embodiment 2 thus 

selects the first receiving unit or the second receiving unit 
depending upon the presence or absence in the input signal of 
the data to be received. Hence, there may be derived an 
advantage that the receiving unit having more desirable char 
acteristics may be selected depending upon the presence or 
absence in the input signal of the data to be received. 
(Exemplary Embodiment 3) 
The presence or absence of a packet in the input signal may 

be detected by a receiving unit. FIG. 14 depicts a block 
diagram showing an arrangement of a receiving device 
according to an exemplary embodiment 3 of the present 
invention. 
A receiving device 130 of the present exemplary embodi 

ment includes a first receiving unit 101, a second receiving 
unit 102 and a selecting unit 104. The first receiving unit 101 
and the second receiving unit 102 are of characteristics dif 
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fering from each other in connection with the receiving opera 
tion, as in the exemplary embodiment 2. 

If the first receiving unit 101 has failed to detect data to be 
received in the input signal 201, it outputs a non-data detec 
tion signal 207. If the second receiving unit 102 has detected 
the data to be received in the input signal 201, it outputs a data 
detection signal 208. 
When the data detection signal 208 is output, the first 

receiving unit 101 terminates outputting a first receiving sig 
nal 202. If the data detection signal 208 is not output, the first 
receiving unit 101 inputs the input signal 201 and performs 
preset receiving processing thereon to output a receiving sig 
nal 202. 
When the non-data detection signal 207 is output, the sec 

ond receiving unit 102 terminates outputting a second receiv 
ing signal 203. If the non-data detection signal 207 is not 
output, the second receiving unit 102 receives the input signal 
201 and performs preset receiving processing thereon to out 
put the receiving signal 203. 
When the non-data detection signal is output, the selecting 

unit 104 selects the first receiving signal. When the data 
detection signal is output, the selecting unit 104 selects the 
second receiving signal to output a third receiving signal 205. 

It is seen from above that, in the receiving device 130, only 
one out of the first receiving unit 101 and the second receiving 
unit 102 is in operation, at all times, depending upon the 
presence or absence of data to be received in the input signal, 
thus outputting a receiving signal. 

Thus, in the receiving device of the exemplary embodiment 
3, the first receiving unit or the second receiving unit is 
selected based upon the presence or absence of data to be 
received in the input signal. There may thus be derived an 
advantage that the receiving unit having more proper charac 
teristics may be selected depending upon the presence or 
absence of the data to be received in the input signal. 

Additionally, the receiving device of the exemplary 
embodiment 3 detects the presence or absence in the input 
signal of data to be received. Hence, there is no necessity of 
providing a data detecting unit. In addition, it is possible to 
cope with Such a situation where complex processing is 
needed in determining the presence or absence of data to be 
received, such as when the input signal 201 has a preset frame 
structure and is in need of frame analysis. 
The present invention may be applied to the field of elec 

trical communication technology used in a wireless commu 
nication system, Such as mobile phone. 

EXPLANATION OF REFERENCE SYMBOLS 

1 pre-processing unit 
2 selection controlling unit 
3 selecting unit 
4 RAKE receiving unit 
5 equalizing receiving unit 
6 decoding unit 
6a HS-SCCH decoding unit 
6b HS-PDSCH decoding unit 
7 packet detecting unit 
101 first receiving unit 
102 second receiving unit 
103 data detecting unit 
104 selecting unit 
105 processing unit 
106 second selecting unit 
201 input signal 
202, 203, 204 receiving signal 
205 processed further receiving signal 
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12 
206 data detection signal 
207 non-data detection signal 
208 data detection signal 

What is claimed is: 

1. A communication apparatus, comprising: 
two or more receiving units differing in characteristics 

from one another, 
a selecting unit selecting one out of said two or more 

receiving units; and 
a data detecting unit that detects data to be received, in an 

input signal, the data to be received being packet data; 
wherein the selecting unit selects one out of the two or 

more receiving units based upon a result of detection by 
the data detecting unit and based upon the characteristics 
of the receiving units, 

the communication apparatus is a wireless communication 
apparatus, 

when the packet data is included in the input signal, the 
Selecting unit selects one of the receiving units from 
which a most satisfactory reception quality is expected 
to be obtained depending upon propagation environ 
ments of wireless signals, 

when the data detecting unit fails in decoding a control 
channel of wireless communication a first preset number 
of times consecutively, the data detecting unit decides 
that there is no data to be received, and 

when the data detecting unit Succeeds in decoding the 
control channel a second preset number of times con 
secutively, the data decoding unit decides that there is 
data to be received, the first preset number of times being 
greater than the second preset number of times. 

2. The communication apparatus according to claim 1, 
wherein 

said two or more receiving units include the two or more 
receiving units at least differing in circuit configura 
tions. 

3. The communication apparatus according to claim 1, 
wherein 

said two or more receiving units include the two or more 
receiving units at least differing in receiving system or 
scheme thereof. 

4. The communication apparatus according to claim 1, 
wherein, 
when the data detecting unit does not detect said data in 

said input signal, said selecting unit selects one out of 
said two or more receiving units based upon said result 
of detection and based upon said characteristics. 

5. The communication apparatus according to claim 1, 
wherein, 

power consumption of a first one of said two or more 
receiving units during a period of time said data is not 
being received is less than that of the other receiving 
unit(s), and 

said selecting unit selects the first receiving unit when there 
is no data in said input signal. 

6. The communication apparatus according to claim 1, 
wherein, 
when the selecting unit has selected one out of said two or 

more receiving units, said selecting unit sets the other 
receiving unit(s) in a state of low power consumption. 
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7. The communication apparatus according to claim 1, 
further comprising: 

a second selecting unit, 
wherein, 
when the selecting unit has selected a second one out of 5 

said two or more receiving units, said second selecting 
unit causes said input signal to be delivered to said 
second receiving unit. 

8. The communication apparatus according to claim 7. 
wherein, 

power consumption of said second receiving unit during a 
period of time said input signal is not delivered thereto is 
less than that of said second receiving unit during a 
period of time said input signal is delivered thereto. 

9. A communication apparatus comprising: 
a first receiving unit that inputs an input signal to output a 

first receiving signal and that, when data is not detected 
in said input signal, outputs a non-data detection signal, 
the data being packet data; 

a second receiving unit that inputs said input signal to 
output a second receiving signal and that, when data is 
detected in the input signal, outputs a data detection 
signal; and 

a selecting unit that selects said first receiving signal or said 
second receiving signal to output a third receiving sig 
nal, 

wherein characteristics of said first receiving unit during a 
period of time said data is not being received thereto 
differ from characteristics of said second receiving unit 
during a period of time said data is not being received 
thereto, 

said first receiving unit terminates a receiving operation 
when the data detection signal is output, 

said second receiving unit terminates a receiving operation 
when the non-data detection signal is output, 

said selecting unit selects said first receiving signal when 
the non-data detection signal is output, 

said selecting unit selects said second receiving signal 
when the data detection signal is output, 

the communication apparatus is a wireless communication 
apparatus, 

when the packet data is included in the input signal, the 
Selecting unit selects one of the receiving units from 
which a most satisfactory reception quality is expected 
to be obtained depending upon propagation environ 
ments of wireless signals, 

when the data detecting unit fails in decoding a control 
channel of wireless communication a first preset number 
of times consecutively, the data detecting unit decides 
that there is no data to be received, and 

when the data detecting unit Succeeds in decoding the 
control channel a second preset number of times con 
secutively, the data decoding unit decides that there is 
data to be received, the first preset number of times being 
greater than the second preset number of times. 

10. A control method for controlling a communication 
apparatus having two or more receiving units differing in 
characteristics from one another, said method comprising: 

deciding on a presence or an absence in an input signal of 
data to be received; and 

Selecting one out of said two or more receiving units based 
upon the presence or the absence of said data to be 
received and upon the characteristics of said receiving 
units, 

wherein the communication apparatus is a wireless com 
munication apparatus, 
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when failure in decoding a control channel of wireless 

communication a first preset number of times consecu 
tively occurs, the deciding decides that there is no data to 
be received, and 

when Success in decoding the control channel a second 
preset number of times consecutively occurs, the decid 
ing decides that there is data to be received, the first 
preset number of times being greater than the second 
preset number of times. 

11. The control method according to claim 10, wherein, 
said selecting selects, when the data to be received is not 

contained in said input signal, the receiving unit whose 
power consumption during a period of time of not 
receiving the data is Smaller than a power consumption 
of the remaining receiving unit(s). 

12. The control method according to claim 10, further 
compr1S1ng: 

setting, when selecting one out of said two or more receiv 
ing units, a state of low power consumption in the 
remaining receiving unit(s). 

13. The control method according to claim 10, wherein, 
said selecting selects, when the data to be received is con 

tained in said input signal, one of the receiving units 
from which a most satisfactory receiving quality is 
expected to be obtained depending upon propagation 
environments of said input signal. 

14. A control program embodied in a non-transient com 
puter readable medium for allowing a communication appa 
ratus having two or more receiving units differing in charac 
teristics from one another to execute, said program causing 
said communication apparatus to execute a method, compris 
1ng: 

deciding on a presence oran absence in an output signal of 
data to be received; and 

selecting one out of said two or more receiving units based 
upon the presence or the absence of said data to be 
received and upon the characteristics of said receiving 
units, 

wherein the communication apparatus is a wireless com 
munication apparatus, 

when failure in decoding a control channel of wireless 
communication a first preset number of times consecu 
tively occurs, the deciding decides that there is no data to 
be received, and 

when Success in decoding the control channel a second 
preset number of times consecutively occurs, the decid 
ing decides that there is data to be received, the first 
preset number of times being greater than the second 
preset number of times. 

15. The control program according to claim 14, wherein, 
said selecting selects, when the data to be received is not 

contained in said input signal, one of the receiving units 
whose power consumption during a period of time of not 
receiving the data is Smaller than that of the remaining 
receiving unit(s) during a period of time of not receiving 
the data. 

16. The control program according to claim 14, further 
comprising: 

allowing said communication apparatus to execute setting, 
when selecting one out of said two or more receiving 
units, a state of low power consumption in the remaining 
receiving unit(s). 

17. The control program according to claim 14, wherein, 
said selecting selects, when the data to be received is con 

tained in said input signal, one of the receiving units 
from which a most satisfactory receiving quality is 
expected to be obtained depending upon propagation 
environments of said input signal. 
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